The use of extracorporeal membrane oxygenation (ECMO) for elective thoracic surgical procedures has been infrequently reported in the anaesthetic literature. We report the use of intraoperative veno-venous ECMO support for a patient with a previous left pneumonectomy who required a right-sided thoracotomy for repair of a tracheo-oesophageal fistula. To avoid traumatising or pressurising the fistula, a spontaneous ventilation technique was used prior to intubation with a single-lumen endotracheal tube positioned above the level of the fistula. The ECMO cannulas were inserted after induction and ECMO was instituted prior to transfer to the lateral position. Oxygenation during ECMO was augmented with apnoeic oxygen delivery via the breathing circuit. This was associated with an increase in the oxygen saturations from 80% to 99% without compromising surgical access. The use of apnoeic oxygenation via the breathing circuit significantly improved gas exchange in this case and should be considered as an adjunct to veno-venous ECMO.
This case report describes the elective use of venovenous (VV) extracorporeal membrane oxygenation (ECMO) for repair of a complex tracheo-oesophageal fistula via a right-sided thoracotomy in a patient with a previous left pneumonectomy. To avoid traumatising or pressurising the fistula, a spontaneous ventilation technique was used prior to intubation with a singlelumen endotracheal tube positioned above the level of the fistula. During ECMO there was significant hypoxaemia which resolved with apnoeic oxygen delivery via the breathing circuit, a strategy not previously described in this setting. Written patient consent for publication of this case was obtained.
CASE REPORT
A 53-year-old female was booked for elective repair of a tracheo-oesophageal fistula via a right-sided thoracotomy. A previous left pneumonectomy in 1997 in Serbia for locally advanced mucoepidermoid lung cancer was complicated by stump breakdown and bronchopleural fistula, eventually leading to formation of bronchocutaneous and oesophagocutaneous fistulae. An oesophageal stent was placed. However, inflammation of the fistulous area of the oesophagus resulted in fibrotic occlusion of the mid-oesophagus. An oesophageal bypass was undertaken via a left neck incision and midline laparotomy. The blind-ending portion of the stented oesophagus was left in situ, as it could not be accessed via the surgical approach used. An excellent recovery ensued and the patient was able to tolerate a normal diet.
Several months later, the patient developed bronchopneumonia. Imaging and bronchoscopy revealed that the retained oesophageal stent had eroded into the trachea just superior to the carina, forming a tracheo-oesophageal fistula. Mucous from the oesophagus soiled the airway and the solitary right lung. A decision was made to attempt repair of the tracheal defect and remove as much of the thoracic oesophagus as possible.
Preoperative lung function tests showed a moderate restrictive deficit (forced expiratory volume in 1 second of 1.61 l, forced vital capacity of 2.08 l and ratio of 77%), with normal gas transfer.
Evidence of malnutrition included a preoperative weight of 46 kg and a serum albumin level of 30 g/l. Renal function was normal.
On the day of surgery, the patient was premedicated with oral diazepam (5 mg), intramuscular morphine (7.5 mg) and hyoscine (0.1 mg) prior to insertion of a radial arterial line. A central venous cannula and pulmonary artery catheter with continuous cardiac output and mixed venous oxygenation monitoring were inserted via the right internal jugular vein. Fluoroscopic guidance was used for flotation of the pulmonary artery catheter to ensure that it entered the right pulmonary artery rather than the left, which would risk damaging the left pulmonary artery stump. In preparation for inhalational induction, the upper airway was topicalised with 4% lignocaine via a mucosal atomisation device.
Surgical requirements for the procedure included collapse of the right lung and access to the trachea at the level of the carina. We decided to use a single-lumen endotracheal tube placed above the level of the tracheal defect to avoid pressurising or traumatising the tracheo-oesophageal fistula, and to maintain spontaneous ventilation until VV ECMO was established, allowing deflation of the single lung by disconnection of the anaesthetic circuit.
An inhalational induction was performed with oxygen and sevoflurane. Topicalisation was supplemented with 4% lignocaine sprayed directly onto the glottis prior to intubation with a 7.0 mm internal diameter cuffed endotracheal tube. Anaesthesia was maintained with sevoflurane and carefully titrated fentanyl to ensure spontaneous ventilation. The ECMO circuit was heparin-bonded, thus an activated clotting time of 200 to 220 was targeted. Accordingly, 10,000 units of intravenous heparin were administered and ECMO cannulation was performed by the surgeons with a 19-Fr ECMO drainage cannula inserted via the left femoral vein and a 21-Fr ECMO return cannula via the right femoral vein. Because transoesophageal echocardiography was not possible, fluoroscopy was used to confirm appropriate placement of the ECMO cannulae. Once ECMO was established with an initial flow of 
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Anaesthesia and Intensive Care, Vol. 42, No. 6, November 2014 1.5 l/minute, the patient was moved to the left lateral position. Assessment of the adequacy of gas exchange without ventilation of the lungs was then facilitated by administration of a short-acting muscle relaxant (suxamethonium). Arterial blood gas analysis on ECMO showed a PaO 2 of 148 mmHg and PaCO 2 of 52 mmHg. After this successful trial, atracurium 30 mg was given and the right lung was allowed to collapse. Anaesthesia was maintained with a propofol infusion titrated to a bispectral index of 30 to 60.
Approximately one hour after instituting ECMO, arterial oxygen saturation drifted down to 80%, where it remained despite maximal ECMO flow rates of 2.8 l/minute. At this point, the trachea had been surgically opened and, after discussion with the surgeon, it was decided that ventilation of the right lung and/or continuous positive airway pressure were not practical options. Oxygen was delivered via the breathing circuit at 14 l/minute to the non-ventilated right lung and, despite a proportion of the oxygen flow escaping via the tracheal defect, oxygen saturation improved to 99% without interfering with surgical access.
The retained oesophageal stent was removed ( Figure 2 ) and the tracheal defect at the level of the carina was repaired with an ECM ® CorMatrix patch (CorMatrix TM , Roswell, GA, USA). Gas exchange remained adequate with the combination of ECMO and apnoeic oxygenation.
After chest closure, the patient was returned to the supine position, positive pressure ventilation was commenced and ECMO was weaned to low flows. Spontaneous ventilation resumed and with pressure support of 8 cmH 2 O, PaO 2 was 290 mmHg. Oxygenation remained stable, so the ECMO cannulae were removed. Given a slightly elevated PaCO 2 of 54 mmHg, a decision was made to transfer the patient intubated to the intensive care unit for ongoing pressure support ventilation. Postoperative analgesia was assisted with an extrapleural catheter placed under direct vision by the surgeons. Three units of packed red cells were transfused intraoperatively, and postoperatively the haemoglobin concentration was 82 g/l and the coagulation profile normal.
Initial postoperative recovery was excellent, with extubation six hours after arrival in intensive care and discharge to the general ward five days later. Several days later, dyspnoea, fevers and haemoptysis developed and the ECM CorMatrix patch anastomosis was found to have dehisced along the longstanding left pneumonectomy bronchopleural fistula area. The patient was re-admitted to the intensive care unit and returned to theatre for placement of a tracheo-right bronchial stent. A tracheostomy was performed and, over the following weeks, multiple bronchoscopic interventions were required to facilitate sputum clearance and repositioning of the tracheostomy cannula. After three weeks, the tracheal repair had completely healed and the tracheostomy was removed. At two months post-surgery, she had made a full recovery, achieving her original pre-morbid weight of 56 kg, with no further issues with the fistula.
DISCUSSION
A key aim of anaesthesia for tracheo-oesophageal fistula is avoidance of positive pressure ventilation until the fistula is isolated 1 . Two commonly used airway techniques that were considered for this case were awake intubation and rapid sequence induction with passage of an endotracheal tube beyond the fistula 2 . These techniques could have caused tracheal injury in the patient, given the location of the large tracheal defect at the level of the carina and chronic infection of the left bronchial stump. Airway options were discussed with the surgical team and it was decided that, in order to avoid the risk of further tracheal damage, an endotracheal tube would be placed superior to the level of tracheal disruption and spontaneous ventilation would be maintained until ECMO was established.
In a patient with a single lung, options for oxygenation and ventilation during this procedure are limited. Ventilation of the right lung would completely interfere with surgical access. Highfrequency jet ventilation has been described during oesophagectomy as an alternative to collapsing of the right lung 3 , but has not been reported as a sole technique in a patient with a history of contralateral pneumonectomy. Potential options considered for this case included cardiopulmonary bypass, VV ECMO and veno-arterial ECMO. ECMO offers several advantages over cardiopulmonary bypass, including a smaller, simpler system that can be used postoperatively if required 4 and a lower requirement for anticoagulation 5 . When cardiac support is not required, VV ECMO is usually preferable to veno-arterial ECMO, as potential morbidity associated with arterial cannulation is avoided and the risk of upper body hypoxaemia is less 6 . The principles and practical aspects of VV ECMO have been extensively reviewed elsewhere 4 .
A degree of hypoxaemia during VV ECMO is common, as the blood entering the pulmonary circulation is a mixture of deoxygenated blood from the patient's systemic venous return and oxygenated blood returned from the ECMO circuit 7 . It has been suggested that flow rates should be greater than 70% of cardiac output and SaO 2 of 85% to 95% should be targeted 8 . In our case, despite maximal ECMO flow rates, oxygen saturation drifted down to 80%. Application of apnoeic oxygen flow to the nonventilated lung resulted in dramatic improvement in arterial oxygen saturation.
Increasingly, the use of ECMO for thoracic surgical procedures is being reported in anaesthetic literature [9] [10] [11] , including the use of veno-arterial ECMO 12 and VV ECMO 4 in previously pneumonectomised patients undergoing oesophagectomy.
CONCLUSION
This case demonstrates the successful use of VV ECMO in a complex thoracic surgical case. As ECMO becomes more widely available with increasing familiarity, it is likely this will become a more common alternative for such cases. A spontaneous ventilation anaesthetic technique negated the need for potentially difficult and dangerous passage of an endotracheal tube beyond the level of a complex tracheal defect.
The use of apnoeic oxygenation via the breathing circuit significantly improved gas exchange in this case and should be considered as an adjunct to VV ECMO. Editor note: Trademark notation has been used in the first instance and omitted from all subsequent mentions. ECM ® CorMatrix is a registered trademark of CorMatrix.
